INTRODUCTION
============

Cardiovascular disease (CVD) and cerebrovascular disease are the second and third most common causes of death in Japan.^[@r01]^ In most Western countries, the incidence of myocardial infarction (MI) is higher than that of stroke.^[@r02],[@r03]^ However, in Japan the incidence of stroke is much higher than that of MI.^[@r01],[@r04],[@r05]^ Although stroke mortality^[@r01]^ and incidence have declined in the last few decades,^[@r01]--[@r03]^ stroke remains a significant healthcare burden for Japan.

Age, sex, blood pressure, smoking status, and diabetes status are considered the major factors in quantifying stroke risk.^[@r04],[@r06]--[@r11]^ Several models to predict the risk of CVD were developed after the Framingham risk estimates were reported.^[@r12]--[@r19]^ However, most of these only assess the risk for coronary heart disease (CHD); only a few address the risk of stroke. Because the incidences of CHD and stroke differ between Japan and Western countries, risk assessment tools from the latter are not ideal for use in Japan.

Recently, a risk assessment chart for CVD was developed using data from the NIPPON DATA80 in Japan.^[@r20],[@r21]^ However, NIPPON DATA80 investigated stroke mortality only, ie, non-fatal strokes were not included in the analysis. Therefore, a risk chart constructed using these data would not be entirely suitable for predicting stroke incidence. The Jichi Medical School (JMS) Cohort Study is a multi-community prospective study that monitors residents of Japanese rural communities and captures CVD events. We used data from the JMS Cohort Study to develop charts that display the risk of stroke among Japanese.

METHODS
=======

Study population
----------------

The JMS Cohort Study began in 1992. Its primary objective was to clarify associations between potential risk factors and CVD in 12 rural districts in Japan.^[@r05],[@r22]^

The baseline data of this cohort study were obtained between April 1992 and July 1995. If several sets of data were obtained for a single identical participant during that period, the first set was used as baseline. The baseline data were collected as a part of a national mass-screening program. In Japan, mass screening for CVD has been conducted since 1982, in accordance with the Health and Medical Service for the Aged Act of 1981. Local government offices in each community issued invitations to residents eligible for the mass screening, and personal invitations were also sent to all potential participants by mail. As a result, 12 490 participants were eligible (4913 males and 7577 females; age range, 19--93 years). The overall response rate among the 12 communities was 65.0%. Written informed consent to participate in the study was obtained individually from all the respondents to the mass screening.

Among the 12 490 participants, 95 (0.8%) who did not sign the agreement to participate in the study, 7 (0.06%) who had no follow-up data, and 112 (0.9%) who had a past history of stroke were excluded. Ultimately, 12 276 participants (4807 men and 7469 women) remained for analysis.

Measurement of baseline variables
=================================

To ensure uniform data collection, we established a central committee composed of the chief medical officers from all the participating districts. This committee developed a detailed manual for data collection. Systolic blood pressure and diastolic blood pressure were measured once with a fully automated sphygmomanometer, the BP203RV-II (Nippon Colin, Komaki, Japan), placed on the right arm of a seated participant who had rested in a sitting position for 5 minutes before measurement. Information about medical history and lifestyle was gathered by means of a written questionnaire.

Blood samples were drawn from the antecubital vein of seated participants, with minimal tourniquet use. Specimens were collected in siliconized vacuum glass tubes containing a 1/10 volume of 3.8% trisodium citrate for blood glucose, and no additives for lipids. Tubes were centrifuged at 3000g for 15 minutes at room temperature. After separation, the serum samples were stored at 4 °C in refrigerated containers if analysis was to be performed within a few days. Otherwise, the samples were frozen until analysis. Plasma samples were frozen as rapidly as possible to −80 °C for storage, until laboratory examination could be performed.

Total cholesterol was measured by using an enzymatic method (Wako, Osaka, Japan; interassay coefficient of variation (CV): 1.5%). Blood glucose was measured via an enzymatic method (Kanto Chemistry, Tokyo, Japan; interassay CV: 1.9%). In this study, blood samples of 5547 (45.0%) participants were collected after an overnight fast; all other samples were casual samples. Diabetic participants were defined as those with currently treated diabetes, plasma glucose ≥126 mg/dl after an overnight fast, or casual blood glucose ≥200 mg/dl. Participants were also asked whether they were current smokers or not.

Follow-up
---------

A mass screening system was used to obtain baseline data and to follow the participants annually. Those examined were asked whether they had suffered a stroke after enrolling. Participants who did not come to the screening examination were contacted by mail or phone. Public health nurses also visited the participants to obtain pertinent information when necessary. In total, 100% of the participants were contacted. Those with a history of stroke were asked when the stroke had been diagnosed and where (at which hospital) they had been treated. Medical records at hospitals in the study areas were also checked to determine if these participants had been treated. If an incident was suspected, forms were filled out, and duplicates of the CT and/or MRI films of the case were obtained to confirm a diagnosis of stroke. Diagnoses were determined independently by a diagnosis committee comprising 1 radiologist, 1 neurologist, and 2 cardiologists. Stroke was defined as a focal, nonconvulsive neurological deficit of sudden onset that persisted for at least 24 hours. Stroke subtypes, ie, cerebral hemorrhage (CH), cerebral infarction (CI), and subarachnoid hemorrhage (SAH), were determined by using the criteria of the National Institute of Neurological Disorder and Stroke.^[@r23]^ Symptomatic lacuna infarction was defined as a CI.

Statistical analysis
--------------------

Statistical analyses were carried out using SAS version 8.2 (SAS Japan). Cox proportional hazards models were used to calculate the 10-year absolute risk of stroke for each risk factor. Under the Cox proportional hazards model, the survival probability S(T:X) of a person with a risk X at time T is defined as S(T:X) = {\[S0(T)\]exp^(BX)}exp(B(X−Xm))^, where S0(T) is survival probability corresponding to the standard hazard, B is the regression coefficient, and Xm is the population mean of risk X. The 10-year absolute risk of a person with risk X is thus 1-S(10:X).^[@r21]^ Risk charts were created based on calculations of the absolute risk associated with 5 conventional cardiovascular risk factors: age, sex, smoking status, diabetes status, and systolic blood pressure. Age was grouped into 5 categories: less than 40, 40--49, 50--59, 60--69, and 70 years or older. Systolic blood pressure was also grouped into 5 categories: less than 120, 120--139, 140--159, 160--179, and 180 mm Hg or higher. The other risk factors were treated as dichotomous variables. The risk charts were color-coded so that users could easily estimate their probability of a stroke.

RESULTS
=======

The mean age of participants at baseline was 55.2 years for men and 55.3 years for women. The mean duration of follow-up was 10.7 years (men: 10.6 years; women: 10.8 years). Total incidence of stroke was 190 cases for men (CH: 41 \[21.6%\], CI: 136 \[71.6%\], SAH: 13 \[6.8%\]) and 165 cases for women (CH: 38 \[23.0%\], CI: 87 \[52.7%\], SAH: 39 \[23.6%\], Unclassified: 1 (0.6%\]) (Table [1](#tbl01){ref-type="table"}).

###### Participants from JMS Cohort Study included in the analysis of stroke risk

                                     Men            Women
  ---------------------------------- -------------- --------------
  Total Cohort Participants          4911           7579
  Participants with Consent          4869           7519
  Study Participants                 4406           6817
   Duration of follow-up (years)     10.6 ± 2.6     10.8 ± 2.2
   Age (years)                       55.2 ± 12.0    55.3 ± 11.2
   Systolic Blood Pressure (mm Hg)   131.3 ± 20.5   128.0 ± 21.0
   Smoker (%)                        50.4           5.5
   Diabetes (%)                      4.5            2.2
  Stroke                             190            165
   Cerebral hemorrhage               41             38
   Cerebral infarction               136            87
   Subarachnoid hemorrhage           13             39
   Unclassified                      0              1

Figures [1](#fig01){ref-type="fig"} to [2](#fig03){ref-type="fig"} show the color-coded 10-year absolute risk for all stroke, CH, and CI for each of the combinations of risk factors. All charts were prepared in the same manner, according to diabetes status, smoking status, and systolic blood pressure in each sex. Initially, total cholesterol was included in the analysis; however, after it was determined that total cholesterol was not associated with stroke in either sex, it was excluded from the model. Figure [1](#fig01){ref-type="fig"} shows all-stroke risk in both sexes, Figure [3](#fig02){ref-type="fig"} shows CH risk, and Figure [2](#fig03){ref-type="fig"} shows the risk for CI. Risk can be read by matching the individual's age to the appropriate age group, and blood pressure to the nearest multiple of 20 mm Hg. The risks rose as systolic blood pressure and age increased. In addition, among men and women, current smokers and participants with diabetes were at higher risk for any stroke event and for CI. Although the 10-year risk of CH was lower than that of CI, the risk patterns were similar in men. The risk of SAH was higher in women than in men, and was positively associated with SBP in women, but not in men. The SAH data in the present study are not shown because the number of cases was small, especially among men, and thus the charts were not likely to be representative.

![Chart showing 10-year all-stroke risk in men and women](je-19-101-g001){#fig01}
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![Chart showing 10-year risk for cerebral hemorrhage in men and women](je-19-101-g002){#fig02}

DISCUSSION
==========

We developed risk charts for stroke based on data from the JMS Cohort Study. The charts show 10-year absolute risk for all stroke events and stroke subtypes associated with sex, age, smoking status, diabetes status, and systolic blood pressure. Because cholesterol was not associated with stroke, it was not included as an independent variable in the analysis. We believe that these charts will be useful for clinicians and other health professionals who are required to estimate an individual's risk for stroke.

The charts were developed using data from a Japanese community-based cardiovascular cohort study. In the past, a variety of risk charts were developed to estimate the probability of CVD. However, most used data from studies conducted in Western countries.^[@r06],[@r11]--[@r13],[@r17]--[@r19],[@r24]--[@r27]^ Risk profile charts that estimate the probability of stroke were developed using data from the Framingham Heart Study.^[@r06],[@r27]^ Although these risk estimates have been widely adopted in the formulation of clinical guidelines in the United States and elsewhere,^[@r28]--[@r30]^ a number of problems in applying these estimates to other populations have been described, the most important of which is that incidences of CVD substantially differ by population.^[@r07],[@r31],[@r32]^ More recently, tools have been developed that estimate cardiovascular risk in a number of specific populations.^[@r11],[@r13],[@r17]--[@r19],[@r25],[@r26]^

The Framingham estimates of stroke risk cannot be applied to Japanese because the incidence of stroke differs between the United States and Japan.^[@r33]--[@r35]^ In Asia, tools for CHD risk prediction that are derived from Asian cohorts have been utilized^[@r11]^; however, there have been no instruments to predict the risk for stroke in an Asian population. In Japan, cardiovascular risk charts were developed using data from the NIPPON DATA80, which is a representative cohort study. However, the charts were based on mortality data.^[@r20],[@r21]^ The risk charts developed in the present study should be more accurate in predicting the risk for a stroke event, as opposed to stroke mortality, in Japanese.

We created sex-specific charts that showed risks associated with age, diabetes status, smoking status, and systolic blood pressure. A strong dose-response relationship between systolic blood pressure and stroke has been observed in Japan and other countries.^[@r08]--[@r10],[@r36]^ It is important to note that in the present study total cholesterol was excluded in the estimates of stroke risk because there was no association between total cholesterol and stroke. However, charts for MI risk that are based on data from the JMS Cohort Study have been produced, and these do include total cholesterol as a risk factor for MI.

We developed 10-year charts illustrating CH and CI risk, as well as all-stroke risk. The pattern for all-stroke risk resembled that of CI risk because more than half of the recorded stroke events were CI. The chart patterns for all-stroke, CH, and CI risk were similar, among both men and women.

There were some limitations in this study. The study participants were not randomly selected. The areas in which the study was conducted were primarily rural and the data may therefore not be generalizable to urban populations. In addition, a high-risk population may benefit from more intensive monitoring and intervention than would a population at lower risk. This effect may have led to an underestimation of risks in the present study, because health promotion activities were held in the participating areas.

The strengths of the present study include its very high rates of response and follow-up. Furthermore, the present study was conducted in a standardized fashion in 12 geographically dispersed areas of Japan, and it comprised more than 12 000 men and women. These advantages substantially increased the reliability of the study results.

In conclusion, we used data from Japanese rural populations to develop risk charts that estimate the 10-year risk for stroke in individuals. However, these charts should be used with caution in non-rural populations.
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